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ABSTRACT 
Three fixed-scattering-angle methods for neutron scattering 
potider measurements using double- and triple-axis crystal spec-
trometers were tested: (1) the analyzer-scan method (AS), (2) 
the monochromator-scan method (MS), and (3) the monochromator-
analyzer scan method (MAS). A high-pressure cell, primarily for 
use in powder diffraction measurements, with scattering angles 
of 30 , 60 , 90 and 120 and a sample volume of about 0.8 cm 
was constructed and used in conjunction with the MS and MAS 
methods. At room temperature, this cell makes it possible to 
make measurements at pressures up to about 40 kbar and up to 
about 30 kbar at 300° C. The report includes a description of 
the diffraction methods and of the high-pressure cell. A few 
examples of experimental results are also given. 
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1. INTRODUCTION 
The construction of high-pressure cells for neutron spectro-
metry at pressures above 10 kbar began to develop in the mid-
sixties when a breakthrough in the technical design was made 
by Brugger and his collaborators . They used the time-of-
7-9) 
flight (TOF) diffraction technique , for which the construc-
tion of a pressure cell is somewhat simpler than for more con-
ventional crystal diffractometry. The time-of-flight method 
uses a pulsed polychromatic incident neutron beam and a fixed 
scattering angle, and the wave-length distribution of the scat-
tered neutrons is measured by measuring the time needed for 
the neutron to pass a certain distance. The fixed sample ge-
ometry only requires one inlet port and one outlet port. In 
contrast, the use of a monochromatic incident neutron beam, as 
in conventional crystal spectrometry, requires a large outlet 
window for the neutrons diffracted by the sample. Such a win-
dow is technically difficult to construct in a pressure cell. 
By means of the time-of-flight method Brugger and his collab-
2—6) 
orators made several neutron diffraction studies of pow-
dered crystals at pressures up to 50 kbar. Our work began in 
1972 ' with the aim of developing simple fixed-scattering-
angle neutron diffraction techniques suitable for structural 
studies of powdered crystals under high pressure and utilizing 
double- or triple-axis neutron spectrometry. 
The diffraction methods tested are outlined in section 2, and 
their feasibility is illustrated by diffraction patterns of 
standard samples. The experimental set-up for high pressure 
studies is described in section 3. Examples of the results of 
neutron diffraction measurements at high pressures performed 
with the described equipment are presented in section 4. Sec-
tion 5 contains a brief discussion. 
2. THE DIFFRACTION METHODS 
There are three obviously possible fixed-scattering-angle neu-
tron-diffraction powder methods utilizing crystal spectro-
8 
meters: (1) the analyzer-scan (AS) method, (2) the monochroma-
tor-scan (MS) method, and the monochromator-analyzer-scan (MAS) 
method. 
2.1. The analyzer-scan method 
The AS method shown schematically in fig. la is analogous to 
the TOF method. The incident white neutron beam is scattered 
by the powdered sample through a fixed angle, 28. and the 
scattered neutrons are analyzed by means of a single crystal 
analyzer. Whenever neutrons of wavelength \„ contained in the 
incident white beam satisfy the Bragg equation 
XH = 2dHSSin9o (1) 
a maximum occurs in the wavelength distribution of the scat-
tered neutrons. In (1) H denotes the set of reflection indices 
(h,k,l), and du_ is the interplanar spacing of the sample re-ns 
lated to the reflection pertinent to H. 
AS MS MAS 
(a) (b) (c) 
Pig. 1 The principle of the methods proposed for pressure 
studies: (a) the analyzer-scan method, (b) the monochromator-
scan method, and (c) the monochromator-analyzer-scan method. 
R-reactor, S-powdered sample, M-monochromator crystal, A-ana-
lyzer crystal, D-neutron detector, MD-neutron monitor detector. 
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The scattered neutrons are recorded by the detector when the 
analyzer single crystal is set in the position defined by the 
angle 6 satisfying the Bragg equation 
HA 
XH = 2dASin0HA' {2> 
where d- is the interplanar spacing of the analyzing crystal. 
By combining (1) and (2) we obtain 
<*A 
sin6... = A_sin« , (3) aHS iine '""HA ' "o3i"cHA' 
— o — — 
where A = d»/sin8 is a constant for the particular exper-
O A O 
imental set-up. Thus, once the Bragg angle 8 is determined 
in an analyzer-scan, we can deduce the interplanar dHg by means 
of (3). 
In general, it should be noted that in (3), A and d should be 
replaced by A = A /n and d*" , where n is the order of the ana-
lyser reflection. Thus in addition to the peaks observed in more 
conventional powder diffraction patterns, higher-order peaks may 
be expected. The appearance of higher-order reflections is also 
relevant in the MS and MAS methods described below. 
We tested the AS method using a double-axis crystal spectro-
meter at the DR 3 reactor at Risø. The sample was placed on the 
monochromatoi table and the analyzer crystal on the sample 
table. Figure 2a shows a section of a neutron diffraction pat-
tern obtained for a Si powder by means of the AS method (28 = 
o ° 
90 ) using the (1,1,1) reflection from a Ge crystal as analyzer. 
No higher-order 'reflections are observed because the second-
order reflection is forbidden in the diamond structure and the 
third-order of the maximum wavelength (2.72 A) is rather weak. 
2.2. The monochromator-scan method 
In the MS method the incident neutron beam is monochromatic, 
but its wavelength is continuously changed (in practice step-
wise) by altering the Bragg angle 9
 M of the monochromator. The 
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30 35 40 45 50 
SCATTERING ANGLE 2e»:2e„ (degrees) 
Fig. 2 Sections of neutron diffraction patterns from powdered 
Si obtained by means of the analyzer-scan method (a) and the 
monochromator-scan method (b and c) for a fixed scattering 
angle of 90°. In a and b the analyzer or monochromator was the 
(1,1,1) reflection from Ge. As monochromator in (c) was used 
the (0,0,2) reflection from pyrolytic graphite. 
arrangement is shown schematically in fig. lb. The detector 
records a peak whenever the following condition is fulfilled 
HS 
Sin9HM = MoSin9HM' (4) 
where M = d„/sin8^ i s a constant for a pa r t i cu la r se t -up , and 
O M O 
d„ is the interplanar spacing of the monochromator crystal. 
M 
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The MS method requires a double-axis crystal spectrometer with 
a continuously variable wavelength of the monochromatic beam. 
Figure 2b shows a section of a neutron pattern of Si powder 
obtained by this method (29Q = 90°) using the (1,1,1) reflec-
tion from a Ge crystal as monochromator. As in fig. 2a, no ad-
ditional higher-order peaks are visible. Figure 2c shows a sec-
tion of a neutron pattern of the same Si sample obtained using 
the (0,0,2) reflection from a pyrolytic graphite crystal as 
monochromator. Second-order peaks arising from the (0,0,4) re-
flection in graphite are clearly visible. 
2.3. The monochromator-analyzer-scan method 
The MAS method combines the two methods outlined above. The 
arrangement is shown schematically in fig. lc. From (3) and (4) 
we have 
HS sine. 
M 
sin9u1l = . , sin9„„ HA sm9_ HM (5) 
and thus the angle 9„. must follow the angle 9„M in such a way 
HA HM 
that 
55 50 45 40 35 30 25 
SCATTERING ANGLES 26Mr2eA (degrees) 
F i g . 3 A (ac t ion of a neutron d i f f r a c t i o n pattern of powdered 
s i l i c o n obtained by means of the monochromator-analyzer-scan 
method. The ( 0 , 0 , 2 ) r e f l e c t i o n from pyro ly t i c graphite i s used 
as both monochromator and analyzer (26 » 9 0 ° ) . 
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d sind = d sin8 A HA M HM (6) 
For d. = dM, we get 8 = 9UU implying that the analyzer and 
A M HA HM 
the monochromator should be turned by equal angles- The MAS 
method requires a triple-axis spectrometer with a continuously 
variable neutron wavelength. Figure 3 shows a section of a 
monochromator analyzer scan obtained for the standard Si sample. 
Both the analyzer and the monochromator are pyrolytic graphite. 
The fixed scattering angle is 60 . As in fig. 2c, higher-order 
reflections are clearly visible. 
3. THE HIGH-PRESSURE EXPERIMENTAL ARRANGEMENT 
The high-pressure cell is of the same type as that used by 
Brugger et al. . The centre part of the cell is shown in fig. 
4. It consists of a housing made from an aluminium oxide cyl-
HARDENEO 
STEEL WEDGE 
ALUMINIUM 
OXI0E CELL 
^ 
STRAIGHT 
THROUH BEAM 
BINDING RING 
/ ^ I N C I D E N T 
^ BEAM 
SAMPLE 
(^DIFFRACTED 
X ^ BEAM 
(26 *90°) 
F
*q- * Centre part of the high-pressure cell (perspective 
view). 
inder, 6.3 cm high, 3.2 cm in diameter and with a 0.64 cm bore, 
The cell is supported by hardened steel wedges and these are 
supported by a binding-ring. The aluminium oxide has a high 
compressive strength, but a low tensile strength. It is loaded 
by pre-pressing with a force of about 20 tons. This ensures 
13 
that the aluminium oxide is within the tensile strength, even 
when the sample is at high pressure. The steel wedges are 30 
segments of a cylinder so that there are 0.34 cm wide gaps 
every 30 . There are a number of similar gaps, 0.34 cm wide and 
2.4 cm high, in the supporting binding-ring, and these make 
possible the use of scattering angles of 30°, 60°, 90°, and 
120 Tungsten ca rb ide p i s t o n s t r ansmi t the force from two 
F i g . 5 Pr inc ip le drawing of the high-pressure s e t - u p . 
1) Piston shoe. 2) Aluminium oxide c e l l . 3) Hardened s t e e l 
wedges. 4) Sample. 5) Tungsten carbide p i s t o n . 6) Brass wedge. 
7) Hydraulic ram. 8) Piston support. 9) Cadmium sh i e ld with 
diaphragms. 10) Binding r ing . 
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0.3 MN hydraulic rams to the sample (fig. 5). In the first de-
sign, flat piston shoes were used (1 in fig. 5) and the align-
ment of the pistons was very critical. A slight misalignment 
led to the breakage of the pistons at pressures of about 25-30 
kbar. In an improved design spherical piston shoes (fig. 6) 
Fig. 6 Spherical piston shoes. 
ensure alignment of the pistons. With this design the maximum 
pressure is usually above 40 kbar before piston breakage occurs. 
The sample is enclosed in a thin walled (0.04 cm) cylindrical 
teflon (polytetrafluorethylene) container sealed at both ends 
by teflon plugs. In order to obtain semihydrostatic pressure, 
the powder has been wetted in some cases by adding carbon 
disulphide (CS-) or fluorinert FC-75 (from 3 M). For high-tem-
perature measurements, a resistance wire is wound around the 
teflon container and the electrical current is supplied through 
the tungsten carbide pistons. The temperature is determined by 
measuring the power supplied to the electrical heater using a 
calibration of the heater power (at 6 kbar and 10 kbar) versus 
temperature obtained in a separate experiment. This indirect 
determination of temperature had to be adopted because the cop-
per-konstantan thermocouples, used to measure the temperature, 
broke at high pressures. Improved control carried out by means 
15 
of a thermocouple inside the sample at all pressures is now 
being constructed. With the present set-up we can heat the 
sample to about 570 K at 30 kbar. 
The cell pressure is calibrated with respect to the oil pres-
sure of the hydraulic ram by utilizing the pressure-induced 
anomaly in the electrical resistivity and/or the changes of 
crystallographic structure of Ce and Bi, as observed by neutron 
diffraction, when passing the well known phase transitions. For 
the resistivity measurements, a Bi or Ce wire is placed inside 
the teflon container and the tungsten carbide pistons provide 
the electrical contacts to both ends of the wire. At pressures 
between the known transition points, we assume a linear re-
lationship between the pressure inside the cell and the oil 
pressure. The reproducibility of this calibration is satisfac-
tory. At 7.5 kbar, the differences amount to less than 0.5 kbar 
and at 25 kbar to less than 1 kbar. 
fiq. 7 The high-pressure set-up on the sample table of the 
TAS IV neutron triple-axis crystal spectrometer at the DR 3 
reactor at Risø. 
16 
4. EXAMPLES OP RESULTS OF NEUTRON DIFFRACTION MEASUREMENTS 
AT HIGH PRESSURES 
The first test experiments were carried out on polycrystalline 
Bi. At atmospheric pressure Bi is rhombohedral. Bil. The unit 
cell is defined by a - 4.736 A and a - 57.233° 1 2 ). At 25.3 
kbar Bil transforms to Bill. According to Brugger et al. , 
Bill is monoclinic with a unit cell defined by a * 6.674 A, 
and b > 6.117 A, c « 3.304 A, and 8 = 110.38°. At 26.8 kbar. 
Bill changes to Billl. Neutron diffraction patterns of Billl 
were obtained by Brugger et al. . The interplanar spacings 
were reported, but no unit cell was assigned to Billl. 
Our experiments were carried out at one of the triple-axis 
spectrometers using both the raonochromator-scan method and the 
monochromator-analyzer-scan method. (Spatial limitations pre-
vented the test of the analyzer-scan method in conjunction with 
the high pressure equipment). Figure 7 shows the high pressure 
cell placed on the sample table of the spectrometer. The pos-
itions of all spectrometer arms and tables are controlled by 
a PDP 8 computer and can be changed in small steps. The mono-
chromatic neutron beam is monitored by a fission detector 
placed at the outlet of the monochromator-sample ccllimator. 
All measurements were performed for a constant number of moni-
tor counts. The diffracted neutrons are detected by a He neu-
tron detector. The collimation is defined by the width of the 
sample, and this limits the scattering from the aluminiur 
oxide cell and from the tungsten carbide pistons to multiple 
scattering. This is illustrated in the diffraction patterns 
(figs. 8-10) by the absence of Bragg peaks other than those 
arising from the sample. 
Figure 8a shows the neutron diffraction pattern of Bil at 5.5 
kbar obtained in the present study by means of the MS method 
using a pyrolytic graphite monochromator and a 90 scattering 
angle. A rather high background is noticed. For comparison, 
fig. 8b shows the neutron pattern of Bil at atmospheric pres-
sure obtained by means of the MAS method using pyrolytic graph-
ite as both monochromator and analyzer (20 = 90 ). A dramatic 
17 
inprovenent of the peak-to-background ratio as compared to that 
of fig. 8a is easily observed. 
In fig. 9 the diffraction patterns of bismuth at atmospheric 
pressure (Bil), 26 kbar (Bill), and 30 kbar (Billl) are com-
pared. The patterns were obtained by means of the MAS method 
using a scattering angle of 60°. All these diffraction pat-
, .n..FH..f 
1.0 d(A) 
fig. > Itoutron diffraction patterns of Bil obtained for a 
fixed scattering angle of 90° using pyrolytic graphite crys-
tals as monochromator and analyzer. 
(a) B1I at S.6 kbar using the MS method. 
(b) BiX at 1 atm using the MAS method. 
The positions of the Bragg reflections at 1 atm are marked at 
the top of the diagram. 
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fig. 9 Neutron diffraction patterns of Bi at 1 atm, 26 kbar, 
and 30 kbar, obtained as in fig. 8. but for a fixed scattering 
angle of 60°. (Rhombohedral indices). 
terns were obtained in less than 30 hours depending somewhat 
on the desired statistics and the angular steps of the spec-
trometer arms. The diffraction pattern obtained for Billl at 
30 kbar is shown in more detail in fig. 10. The peaks are num-
bered as done by Brugger et al. (first-order peaks by large 
numbers, second-order peaks by smaller numbers). The inter-
planar spacings deduced from fig. 10 are compared with those 
measured by Brugger et al. in table 1. The agreement between 
the peaks observed in both cases is satisfactory; however, a 
unit cell cannot be fitted to Brugger's or to our data, and so 
19 
6 0 5 5 S 0 45 4 0 3 5 3 0 2 5 2 0 
SCATTERING ANGLE 2«*= 2% (degrees) 
r i s . 10 Neutron diffraction pattern of BiIII at 30 kbar ob-
tained as in f i e . 9. The peaks are nunbered as in Sruggcr at 
a l . , laree nuwbers signify th« first-order trmqq peaks, the 
SMller niasbers ttie second-order peaks. 
OX 
Si! «/) 
*-
-> 2 
m <J 
M 
o 8 
go 
D i 
diAl 
2.0) 2.38 236 2.34 2.32 2.30 2 28 
f— T— T —T-— f | 1 T 1 1 T V T---
3 i_ ^ 1atm ., 
i o 5.5 Mxr 
«T? boar 
A24.5 kbar 
60 59 
SCATTERING ANGLE 20H (degrees) 
r ig . 11 Shift with pressure of the (1,1,2) reflection of BlI 
obtained as in f ig . 10. (Rhombohedrsl incldes) . 
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- T — T — T — r - t i — i — r - - r — » — i — r ~ 
-o 
10 20 
PRESSURE (kbar) 
r i9- 12 Relative pressure dependence of the hexagonal unit 
cell dimensions or unit cell volume for Bil. 
the structure of Billl remains an unsolved question. For Bil, 
the pressure dependence of the unit cell dimensions may be 
determined from the observed shifts of the (1,1,2) (fig. 11) 
and the (0,1,1) reflections. The relative pressure dependence 
of the unit cell dimensions and the unit cell volume is shown 
in fig. 12. 
The same cell and the MAS method were used for other phase 
transformation studies, e.g. of Te02 (paratellurite)13'14), 
benzene , naphtalene15), Snl416), and Ce metal17). For illus-
tration purposes, we briefly describe the TeO- and Ce results. 
Figure 13 shows sections of neutron diffraction patterns of 
Te02 at 300 K and at atmospheric pressure, 14.5 kbar, and 22 
kbar. The splitting of the (0,1,2) and (1,2,2) Bragg peaks, 
because of the second-order structural phase transition at 
9 kbar from a tetragonal to a orthorhombic structure13'14'18~20) 
is more pronounced in our diffraction patterns than in those 
obtained by means of the TOP method19). 
,17) In the case of Ce metal , the pressure-volume isotherms were 
measured on going through the y to a isomorphic first-order 
21 
d(Å) 
I L 3.2 3.0 2.8 2.6 2Å 2.2 2.0 1.8 
60 55 50 i.5 i.0 35 30 
SCATTERING ANGLE 29„ -- 2GA (degrees) 
Fig. 13 Neutron diffraction patterns of TeO, at 1 atm, 14.5 
kbar, and 22 kbar. Notice the splitting of the (0,1,2) and 
(2,1,2) peaks due to a structural phase transformation at 9 
kbar from a tetragonal to an orthorhombic structure. 
transition up to 550 K at 27 kbar. The experimental points in 
fig. 14 represent the temperature dependence of the densities 
of the Y_Ce, and a-Ce. The data were obtained by first ad-
justing the temperature to a suitable value and then adjusting 
the pressure to the value at which the two phases were simul-
taneously present. This enabled precise measurements of volume 
(density) changes. The volume of the unit cell of Ce at each 
temperature and pressure was calculated from the measured pos-
ition of the (1,1,1) Bragg reflection. At temperatures close to 
the critical point, the (1,1,1) reflections from the two phases 
overlap. Therefore, the peak positions were determined from a 
least squares fit of the measured line-shape to a sum of two 
Gaussians. Using the unit cell volume deduced from the peak 
positions, the critical temperature and the critical exponent 
22 
8 were determined from a least squares fit of Tc, 6, and C to 
the equation 
Ap(T) = p (T) - pv(T) = C(l-T/T ) 6 
DENSITY (q/cm3) 
Fig. 14 Temperature versus density (T,p) for Ce-metal. The 
solid line is a two-parameter fit as described in the text. 
The dashed line is a one-parameter fit with fixed 6 - 0.5. 
Leaving all three parameters free to vary, one obtains 6 = 0.36 
and T • 519 K (solid line in fig. 14). Another fit with S = 
c 
0.5 yields T = 530 K (dashed line in fig. 14), which implies 
that with the resolution used two partly overlapping (1,1,1) 
peaks should be observed close to, but above 519 K. However, 
when increasing the temperature from 519 K, where the two peaks 
can be resolved, to 521 K a rapid coalescence of the two peaks 
into one with almost no broadening was observed. This confirms 
that 6 ^  0.36 and 519 K < T < 521 K. The measurement will be 
c 
repeated with the improved -temperature control mentioned in 
section 3. 
Although the cell was constructed for powder diffraction measure-
ments, it can be used for single crystals too. We utilize the 
23 
fact that with a fixed scattering-angle a wavelength scan is a 
scan along a straight line in the reciprocal space. This appli-
cation is illustrated by a study of the pressure dependence of 
14) the Néel temperature of Cr single crystals . A cylindrical 
Cr single crystal (5.5 mm in diameter, 15 mm long) was mounted 
in the cell with the [001] zone axis vertical and parallel to 
the cylinder axis. By turning the crystal around the zone axis, 
the crystal was oriented using the streng (2,0,0) nuclear re-
flection, and by means of a monochromator scan the magnetic 
satellite reflections (1+Q,0,0) and (1-Q,0,0) were recorded as 
shown in the insert of fig. 15. The temperature dependence of 
i/> 
TEMPERATURE PC) 
25 30 
0.90 1.00 1.10 1.20 1.30 
THERMOCOUPLE VOLTAGE InW) 
Fig. 15 Intensity of the (1-0,0,0) magnetic satellite as 
function of temperature for 1 atm (o) and 2 kbar (A). When the 
pressure is released at 23.8 C, the intensity jumps to the 
value shown by the square (o). The insert is a neutron dif-
fraction pattern showing the magnetic satellites of (1-0,0,0) 
and (l+0,0,0)f the small 100 reflection is a second-order 
contamination. 
the intensity of the (1-Q,0,0) magnetic satellite was measured 
at atmospheric pressure and at 2 kbar (fig. 15). As can be 
seen, the Néel temperature decreases by (9.5+1) K upon increas-
ing the pressure from 1 atm to 2 kbar, in agreement with other 
measurements 
22,23) 
For measurements of larger samples under pressures up to about 
8 kbar, we constructed a cell with a 360° window from a high-
24 
strength heat-treatable alloy B26S/WP, which replaced that 
shown in fig. 4. The set-up with this cell is shown in fig. 16. 
The cylindrical specimen is 15 mm in diameter and 60 mm long. 
The pressure is applied via hardened steel pistons driven by 
rams with oil at pressures up to 400 atmospheres, as in the 
previously described cell. This cell can be used for conven-
SAMPLE 
PRESSURE 
CELL 
CADMIUM 
SHIELO 
STEEL 
RING 
TEFLON 
CONTAINER 
PISTON 
rig. 16 The high-pressure set-up with a large volume cell 
made from a high tensile strength alloy. 
tional diffractometry. It was used for studies of inelastic 
24) 
neutron scattering from Ce metal at room temperature both 
below and above the previously mentioned y to o phase tran-
sition. It was found that (a) there is no indication of any 
residual magnetic scattering in the collapsed ct phase, and (b) 
25 
the energy width of the paramagnetic scattering in the y phase 
increases with pressure. 
5. DISCUSSION 
It follows from our measurements that the monochromator-ana-
lyzer-scan method is superior to the other two methods described 
above. Using the MAS method, we record only the neutrons elas-
tically scattered by the sample and the peak-to-background 
ratio is very favourable. The second feature is partly a con-
sequence of the first and partly cauf.ed by the fact that the 
detector does not directly see the high pressure cell, which 
naturally gives a lot of scattering. Although an analyzer crys-
tal reduces the recorded intensity, the reduction is negligible 
when pyrolytic graphite is used as analyzer and monochromator. 
If, however, use is made of a Ge analyzer in order to avoid 
second-order contaminations and a pyrolytic graphite monochro-
mator, the intensity decreases by a factor of 3-4 as compared 
with use of the graphite analyzer. 
The peak-to-background ratio in the MAS method is better than 
in the TOF method; however, the disadvantage of the MAS method, 
as compared with the TOF method, is that the Bragg peaks are 
recorded one after another while in the TOF method all peaks 
are recorded at the same time. Thus, demands for stability with 
time of pressure and temperature are greater when using the MAS 
method. On the other hand, whenever desirable, the measurements 
may be concentrated on one or a few representative peaks, which 
may be measured with high resolution and/or high statistical 
accuracy, as, for example, in the case of TeO- (fig. 13) , where 
only the relevant parts of the diffraction patterns were 
measured. 
As in the TOF method, the resolution is better for large inter-
planar spacings than for small ones, in contrast to the resol-
ution found in conventional double-axis spectrometry. This is 
illustrated by the examples shown in fig. 17 for a graphite 
monochromator. For the fixed-scattering-angle methods the range 
of measurable interplanar spacings d decreases with increasing 
26 
scattering angle 28 . Thus, if the intensity is sufficient in 
the wavelength range from ^ 1 A to 4.5 A, (which is the case 
for most thermal neutron beams) the available ranges of inter-
planar placings are: 
2 A < d < 8.7 A 
*\. »v. 
1 A < d < 4.5 A 
0.7 A < d < 3.2 A 
for 28 = 30 , 
o 
for 28 = 60°, and 
o 
for 28„ = 90°. 
o 
From inspection of fig. 17 it follows that, to a good approxi-
Ad 
mation, the resolution defined as åd equals 
M 
R % Ad A6 
M 
x 
% 
d sin45 
M 
45°xsin9 
for 8M < 45v 
The condition on 8M is fulfilled in normal crystal diffrac-
tometry, which implies that the resolution is almost indepen-
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dent of the lattice spacing. Thus, in fig. 17, the 0 -axis is 
approximately a d-axis. The resolution improves with increasing 
scattering angle. For a graphite monochromator ((0,0,2) reflec-
tion) , we find 
R «. 0.2 A/deg for 29 - 30°, 
o 
R ^ 0.1 A/deg for 29 = 60°, and 
R -v 0.07 A/deg for 29 = 90°. 
The dashed line in fig. 17 shows the dependence of d on the 
Bragg angle 6. at X - 1 A for a conventional double-axis spec-
trometer. R increases with increasing d-spacing, i.e. the res-
olution gets poorer. 
The full widths at half maximum (FWHM) of the diffraction peaks 
may be freely adjusted by proper collimation. A neutron dif-
fraction pattern covering interplanar spacings from 1.5 A to 
3.5 A may at 26 = 60 be obtained in 'v 24 hours with reason-
o 
able statistics and a FWHM equal to 1 . (See, for instance, one 
of the patterns in fig. 9) . 
Whenever present, the higher-order Bragg peaks from the sample 
are a disturbing factor in the case of low-symmetry crystals. 
However, in the case of high-symmetry crystals, where over-
lapping peaks are not so common, the higher-order peaks may 
supply additional information. Although the structure factors 
may in principle be deduced from the integrated intensities of 
the peaks measured by the MAS method, some problems still re-
main unsolved. The incident neutron spectrum may be measured 
by a monitor in the beam (with proper corrections for the 
higher-order contamination of this beam); but to determine 
reliable structure factors, consideration must also be given 
to the reflectivity of the analyzer crystal - in addition to 
absorption in the pressure cell. Several calibration methods 
were tested, but all were unsatisfactory, especially for wave-
lengths below 1.8-2 A, and work continues on the solution of 
this important problem. 
While we were working on our fixed-scattering-angle pressure 
21) 
cell, McWhan et al. constructed a high-pressure cell with 
28 
large windows for elastic and inelastic neutron scattering ex-
periments with both powdered and single crystals that is capable 
of working up to 50 kbar. An incident monochromatic neutron 
beam is used and the peaks are recorded as in conventional 
double-axis spectrometry. This cell seems to be more versatile 
than ours, but the neutron patterns show numerous aluminium 
oxide peaks from the cell, while in our case there are no alu-
minium oxide peaks at all because of the fixed-scattering-
angle geometry. 
After several years of experience, we conclude that our high-
pressure cell and the monochromator-analyzer-scan method make 
possible neutron diffraction studies of powdered samples at 
pressures up to about 40 kbar at room temperature and up to 
about 30 kbar at about 570 K. The method is simple and es-
pecially suitable for measurements of interplanar spacings, 
while structure factor determination still needs some improve-
ments. 
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